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A MODEL OF COMPOSITE QUARKS AND LEPTONS
T. PRADHAN
Institute of Physics, Bhubaneswar-751005, INDIA
ABSTRACT
In continuation of our model of composite electron, its companion neutrinos, photon
and electro-weak gauge bosons as well as their super-partners based on extended Lorentz
group SU(3)⊗SU(3) in (8+1) dimensional space-time, we show that the remaining lep-
tons, quarks, lepto-quarks and gluons as well as their respective super-partners can be
considered as composites of fundamental particles belonging to the 5 ⊗ 5 dimensional
representation of the further extended Lorentz group SU(5) ⊗ SU(5) in (24+1) dimen-
sional space-time. The fundamental particles constituting the composite ones do not
posses quantum numbers of the latter such as charge, hypercharge etc. Since according
to our estimate based on experimental limit on the electron life-time, the mass of the
fundamental particles is in the Planckian regime, the composite particles would break
up into their constituents at these energies and lose their quantum numbers.
1
In an earlier communication [1], we showed that the electron, its companion neutrino
and the electro-weak gauge-bosons as well as their super-partners are composites of
fundamental particles belonging to the 3⊗ 3 dimensional representation of the extended
Lorentz group SU(3)⊗SU(3) in (8+1) dimensional space-time which are held together by
forces provided by gauge-particles belonging to the 8⊗8 dimensional representation. The
fine structure constant of the gauge coupling was found to be unity from the vanishing
of the neutrino mass and an estimate of m > 1022 GeV for the mass of the fundamental
particles was obtained from the experimental limit τ > 1023 years for the life-time of
the electron indicating thereby that the composite nature of electron, photon etc will be
revealed at Planckian energies. In this communication we extend this model so as to
encompass all leptons, quarks, lepto-quarks, gluons and their super-partners in addition
to particles covered in the previous model. It is shown that this is accomplished through
the extended SU(5)⊗ SU(5) Lorentz group in (24+1) dimensional space-time.
The Dirac equations in spinor representation (symmetrical representation) in (24+1)
dimensional space-time reads:
(p0 −
1
4
Λapa)ξ = mη
(p0 +
1
4
Λapa)η = mξ
(1)
a = 1,2,......24 where
ξ =
( ξ1ξ2
.
.
ξ5
)
η =
( η1η2
.
.
η5
)
and Λa are SU(5) matrices. This pair of equations split into the four pairs of equations
(2) and (3) in (8+1) dimensional space-times:
(p0 −
1
2
λipi)ξ
(α) = mη(α)
(p0 +
1
2
λipi)η
(α) = mξ(α)
(2)
2
where
ξα =
( ξ1
ξ2
ξα
)
ηα =
( η1
η2
ηα
)
α = 3, 4, 5
i =


1, 2, 3, 4, 5, 6, 7, 8 for α = 3
1, 2, 3, 9, 10, 13, 14, 24 for α = 4
1, 2, 3, 11, 12, 15, 16, 24 for α = 5
and
(p0 −
1
2
λipi)ξ
(c) = mη(c)
(p0 +
1
2
λipi)η
(c) = mξ(c)
(3)
where
ξ(c) =
( ξ4
ξ5
ξ3
)
η(c) =
( η4
η5
η3
)
i = 17, 18, 19, 20, 21, 22, 23, 24
Each of these pairs of equations can be further reduced to ten pairs of (3+1) space-time
equations (4), (5), (6) and (7):
(p0 − ~σ.~p)ξp = mηp
p0 + ~σ.~p)ηp = mξp
(4)
where
ξp =
(
ξ1
ξ2
)
ηp =
(
η1
η2
)
~p = (p1, p2, p3)
(p0 − ~σ.~π(α))ξ(α)pi = mη(α)pi
(p0 + ~σ.~π
(α)η(α)pi = mξ
(α)
pi
(5)
where
ξ(pi)α =
(
ξ1
ξα
)
α = 3, 4, 5
3
~π(3) = (p4, p5,
p8√
3
), ~π(4) = (p9, p10,
p24√
15
), ~π(5) = (p15, p16,
p24√
15
)
(p0 − ~σ.~κ(α))ξ(α)κ = mη(α)κ
(p0 + ~σ.~κ
(α))η(α)κ = mξ
(α)
κ
(6)
where
ξ(α)κ =
(
ξ2
ξα
)
α = 3, 4, 5
~κ(3) = (p6, p7,
p8√
3
), ~κ(4) = (p13, p14,
p24√
15
), ~κ(5) = (p11, p12,
p24√
15
)
(p0 − ~σ.~p(r))ξr = mηr
(p0 + ~σ.~p
(r))ηr = mξr
(7)
where
ξr =
(
ξ4
ξ5
)
ηr =
(
η4
η5
)
~pr = (p21, p22, p23)
and identical equations for (ξ(b), η(b)) and (ξ(g), η(g)) with
ξb =
(
ξ4
ξ3
)
, ηb =
(
η4
η3
)
, ξg =
(
ξ5
ξ3
)
, ηg =
(
η5
η3
)
~pb(p19, p20,
p24√
15
), ~pg(p17, p18,
p24√
15
)
Construction of composite particles can be made with the aid of scalars and spinors
obtained from the ten fundamental fields
ξp =
(
ξ1
ξ2
)
, ξ(α)pi =
(
ξ1
ξα
)
, ξ(α)κ =
(
ξ2
ξα
)
α = 3, 4, 5
ξr =
(
ξ4
ξ5
)
, ξb =
(
ξ4
ξ3
)
, ξg =
(
ξ5
ξ3
)
the equations of motion of which are given in eqns(4), (5), (6) and (7). The composition
of various particles is as follows:
4
Leptons:
l(α) =
(
e µ τ
νe νµ ντ
)
= ξp
(
ξ
(α)+
pi
ξ
(α)+
κ
)
(8)
Quarks :
q
(α)
i =
(
ui ci ti
di si bi
)
= Φpi
(
ξ
(α)+
pi
ξ
(α)+
κ
)
(9)
where Φpi = ξpξ
+
i is a first rank spinor in the (p0, p1, p2, p3) space.
Electro-weak Gauge Bosons :
A = Ψpφpi Z = Ψpφκ W = Ψpφpiκ (10)
where Ψp = ξpξ
+
p is a second rank spinor and
φpi =
1√
3
∑
α
ξ(α)
+
pi ξ
(α)
pi , φκ =
1√
3
∑
α
ξ(α)
+
κ ξ
(α)
κ , φpiκ =
1√
3
∑
α
ξ(α)
+
pi ξ
(α)
κ
are scalars.
Gluons :
gij = Ψpφij , i, j = r, b, g (11)
where φij = ξ
+
i ξj is a scalar.
Lepto-quarks :
Xi = Ψpφpiξi, Yi = Ψpφκξi (12)
In all these constructions we have only the ξ components of the particles concerned.
Their η components can be obtained by parity reversal. Further, their spin states will
be obtained from those of ξp.
The super-partners of all the above particles can be constructed as follows:
5
Scalar Leptons :
l˜(α) =
(
e˜, µ˜ τ˜
ν˜e ν˜µ ν˜τ
)
= φp
(
ξ
(α)+
pi
ξ
(α)+
κ
)
(13)
where φp = ξ
+
p ξp is a scalar.
Quarks :
q˜
(α)
i =
(
u˜i c˜i t˜i
d˜i s˜i b˜i
)
= φi
(
ξ
(α)+
pi
ξ
(α)+
κ
)
(14)
where φi = φpξi is a scalar.
Gluinos :
g˜ij = ξpφij (15)
Gauginos:
A˜ = ξpφpi Z˜ = ξpφκ W˜ = ξpφpiκ (16)
As stated earlier, the gauge particles that provide the glue belong to the regular
representation of SU(5) ⊗ SU(5). The dynamics of these particles will be similar to
those of the SU(3) ⊗ SU(3) case discussed in our previous communication, but more
complex. We shall take up this problem in a later publication.
We conclude by remarking that the fundamental particles of our model do not posses
quantum numbers like charge, hypercharge etc which are attributes of the composite
particles. The latter will break up into the constituent fundamental particles at Planckian
energies and lose their quantum numbers.
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